Radlioactive amiino aci(ds have been utilized in the stu(ly of protein synthesis in both detached plant tissues and plant mitochondria. When a plant tissue is incubated in the presence of a radioactive amino acid, the radioactivity is rapidly accumulated in the cells (1, 7, 8, 11, 12, 13, 14 tioIns per minute in a water bath nmaintained at 25°. At the end of the incubation period, tissue sections were removed from the medium and washed thoroughly under running water, blotted dry, and weighed. The tissues were immediately frozen and stored in a dry ice cabinet until further work could be carried out. The frozen tissues were first pulverized in a mortar and then finely ground with water. The total homogenate was made up to 10 ml and filtered through a glass fiber filter paper disc. After thoroughly washing this residue witlh water, followed with a smlall amount of ethyl alcohol, the residue was dried under an infrared lamp before submitted to the measurement of radioactivity. The activity aifter correction for background and self-absorption factor, was designated as the amount of incorporation into water insoluble residue. The activity of water soluble fractioni was determined by plating 0.5 ml aliquots of the filtrate in 2.5 cim stainless steel cuppedI planchets. PLANT PHYSIOLOGY Shoot Sections. Data in table I shows that the C14 from labeled glycine incorporated readily into the protein of pea shoot sections. This incorporation was linearly increased with time of incubation during the first 16 hours, with the exception of a slight initial lag. After that, the incorporation of C14 activity in the protein started to decline indicating that the rate of degradation of C14-protein was greater than the rate of incorporation. Despite the uptakes of glycine by 2,4-D and IAA treated tissues were 25 % and 35 % less respectively, approximately an equal amount of C14 from labeled glycine was incorporated into the pea shoot protein from both the control and the treated sections. At 1 X 10-4 M of 2,4-D or IAA, no significant differences in C'4 incorporation were evident during the first 10 hours. The average radioactivity in the protein found between sixteenth and fortieth hours seemed to indicate a slight increase of glycine incorporation from auxin-treated tissues. Only a small fraction (less than 10 %) of the absorbed glycine was incorporated into the protein while the major portion of the activity was not recovered and was presumably lost as respiratory CO2. Parthier (8) in his study of amino acid incorporation into tobacco leaf protein observed that from 60 to 80 % of glycine-1-C'4 was lost as CO2. In short-term experiments, approximately 17 % of glycine-1-C14 absorbed by excised roots was incorporated in the respired CO2 (14). The average rate of C14 incorporation calculated from the specific activity of protein at sixteenth hour was 0.14 ,umoles per g protein per hour for pea shoot tissues. This value is considerably less than the incorporation of C'4-glutamate in pea seedlings as reported by Webster (11, 12) . This difference in observation could be the result of differences in experimental conditions, such as the concentration of amino acid, the pH of the medium, and the amino acid used.
stu(ly of protein synthesis in both detached plant tissues and plant mitochondria. When a plant tissue is incubated in the presence of a radioactive amino acid, the radioactivity is rapidly accumulated in the cells (1, 7, 8, 11, 12, 13, 14) . The accunmulation process is dependent on respiration and varies somewhat according to the amino acid and experimental conditions. Stephenson et al. (10) demonstrated that labeled amino acids were incorporated into protein of tobacco leaves. Christiansen and Thimann (2) have found that auxin-induced growth in pea stenm sections is accompanied by ain increase in protein synthesis. They concluded that synthesis of new protein may be of the utmost importance in auxin-induced growth. However, auxin-induced increases in expansion are not always paralleled by increases in protein (3, 7) . Cleland (7) citedl a decrease in protein nitrogen in maize mlesocotyl sectioln during expansion and this decrease is not affected by auxin. Boroughs and Bonner (1) reporte(I that there was no increase in incorporation of radioactive glycine into protein of Aveiia coleoptile sections in the presence of 17 ,umoles IAA per liter. This commanunicationi reports the observation made (luring a study of the incorporationi of glycine-1-C14 or -2-C14 in the protein of pea shoots with or without the influence of 2,4-dichlorophenoxyacetic acidl (2,4-D) or in(dole-3-acetic acidl (IAA).
Methods and Materials
Alaska peas wxere gerinaiiitted at rooml temlperature between 2 sheets of moist paper in tlle dark for 4 to 5 days as described previously (4) . The tioIns per minute in a water bath nmaintained at 25°. At the end of the incubation period, tissue sections were removed from the medium and washed thoroughly under running water, blotted dry, and weighed. The tissues were immediately frozen and stored in a dry ice cabinet until further work could be carried out. The frozen tissues were first pulverized in a mortar and then finely ground with water. The total homogenate was made up to 10 ml and filtered through a glass fiber filter paper disc. After thoroughly washing this residue witlh water, followed with a smlall amount of ethyl alcohol, the residue was dried under an infrared lamp before submitted to the measurement of radioactivity. The activity aifter correction for background and self-absorption factor, was designated as the amount of incorporation into water insoluble residue. The activity of water soluble fractioni was determined by plating 0.5 ml aliquots of the filtrate in 2. 5 Shoot Sections. Data in table I shows that the C14 from labeled glycine incorporated readily into the protein of pea shoot sections. This incorporation was linearly increased with time of incubation during the first 16 hours, with the exception of a slight initial lag. After that, the incorporation of C14 activity in the protein started to decline indicating that the rate of degradation of C14-protein was greater than the rate of incorporation. Despite the uptakes of glycine by 2,4-D and IAA treated tissues were 25 % and 35 % less respectively, approximately an equal amount of C14 from labeled glycine was incorporated into the pea shoot protein from both the control and the treated sections. At 1 X 10-4 M of 2,4-D or IAA, no significant differences in C'4 incorporation were evident during the first 10 hours. The average radioactivity in the protein found between sixteenth and fortieth hours seemed to indicate a slight increase of glycine incorporation from auxin-treated tissues. Only a small fraction (less than 10 %) of the absorbed glycine was incorporated into the protein while the major portion of the activity was not recovered and was presumably lost as respiratory CO2. Parthier (8) in his study of amino acid incorporation into tobacco leaf protein observed that from 60 to 80 % of glycine-1-C'4 was lost as CO2. In short-term experiments, approximately 17 % of glycine-1-C14 absorbed by excised roots was incorporated in the respired CO2 (14) . The average rate of C14 incorporation calculated from the specific activity of protein at sixteenth hour was 0.14 ,umoles per g protein per hour for pea shoot tissues. This value is considerably less than the incorporation of C'4-glutamate in pea seedlings as reported by Webster (11, 12) . This difference in observation could be the result of differences in experimental conditions, such as the concentration of amino acid, the pH of the medium, and the amino acid used.
The actual trichloroacetic acid precipitable protein content in the excised pea shoots decreased continuously with the time of incubation. As illustrated in figure 1 However, the supply of glycine in the medium at this period due to unequal absorption between the control and treated tissues, might contribute to this observation. C14-glycine incorporation into cell walls and tissue fragments (water-insoluble residue) was also affected by auxin treatment; it was depressed at 5 X 10-4 and enhanced at 1 X 10-4 M concentration. At lower concentrations (1 X 10-5 and 10-6 M) the influence to this incorporation was a slight inhibition for 2,4-D and no significant effect for IAA. Ray and Baker (9) also observed an increase of glucose-C14 incorporation into cell walls by IAA.
Kinetic Study on the Breakdown of C14 Protein, in Pea Shoot Tissues as Affected by Auxins. Approximately 300 pea shoots were incubated in phosphate buffer containing glycine-1-C14 for 18 hours to label the protein. At this time, all shoots were removed from the radioactive medium, washed thoroughly under running water, divided equally into 3 groups, and reincubated in either one of the following mediums: A) phosphate buffer alone, B) phosphate buffer + 5 X 10-4 M 2,4-D and C) phosphate buffer + 5 X 10-4 IAA. All 3 mediums also contained 0.1 % glucose. Eighteen shoots were removed from each group at different intervals and analyzed for trichloroacetic acid and heat coagulable protein and its specific activity. The experiment was repeated several times using either 5 X 10-4 or 1 X 104 M concentration of auxins. From 5 separate runs of control pea shoot tissue, a steady decrease of the specific activity of the labeled protein was observed. The average rate of decrease, k, in this 10-hour experimental period, was -0.075 with a range of -0.067 to -0.090 for the control tissues (fig 2) . In the presence of IAA or 2,4-D the average rates of decrease for these 2 auxins were -0.161 and -0.204 for 1 X 10-4 M andI 5 X 10-4 M respectively. At the same concentration, the magnitu(le of changes was quite similar between IAA and 2,4-D. Assumiiing that the breakdown of protein molecule does not differentiate between isotopic andl nonisotopic forms, then a steady decrease of the specific activity in protein primarily could be clue to a dilution fromii continuous synthesis of nonisotopic mlolecules. In this case, the result from this kinetic stu(ly woul(d suggest that both IAA and 2,4-D may induce an increase in protein synthesis. However, increase in the rate of breakdown with no change in the rate of synthesis could also result in a faster reduction of specific activity. As we found in previous experiment that both 2,4-D and IAA at 1 X 10-4 M concentration induced a 2-to 3-fold loss of protein in the treated tissues over the control, therefore, a greater reduction in specific activity of protein from auxin-treated tissues would indicate to be a result of accelerated rate of degradation. However, wlheni the experiments were carried on for longer than 5 hours, a changing trend was observed. The specific activity of protein from treated tissues was actually slightly increased with a concomittence reduction of the radioactivity in the water insoluble fraction. This observation providles further evidence of the regulatory action of auxin on the miiovemenlt of miietaholites in plant cells.
The nature of radioactivity in the water insoluble fraction was not determined.
Evidence obtained from paper chromatographic separation of protein hydrolysate from control and treated tissues revealed the presence of both radioactive glycine and serine, with more labele(d serine in the protein from control tissues. This is in agreemiient with the report by Parthier that the C'4 froml labeled glycine is largely incorporated into serine in tobacco leaves (8) . At growth inhibitory level both 2,4-D and IAA didI nlot alter the relative contents of labeled glycine and serine in pea shoot protein.
However, at stimulatory level, a greater amount of C14 in the protein hydrolysate was glycine. This observation suggestedl that auxin may control the interconversion of glycine and serine. We have never found the presence of a noticeable amount of radioactive serine in the deproteinized water extract of the pea shoot tissues. This would indicate that glycine-serine interconversion occurred only after the incorporation of glycine into plant protein-andl the serine is not releasedl to the metabolic pool ( (7, 8, 11, 20) . We noticed that preincubation of chloroplasts with ferricyanide in the dark, at the concentrations ordinarily employed to measure the Hill reaction, appeared to have a deleterious effect on the subsequent rate of photoreduction. The present work is an attempt to explore this and related phenomena more systematically.
A preliminary account of this work has appeared (5).
Materials and Methods
Chloroplasts were prepared from commercial spinach by grinding briefly in a Waring blendor in STKM5. The resulting homogenate was filtered through cheesecloth and centrifuged at 1200 X g in a refrigerated centrifuge. The chloroplast pellet was resuspended, and either used without washing or washed once in fresh STKM.
In experiments where chloroplasts were preincubated with ferricyanide solutions and washed prior to assay, 3 ml aliquots of untreated chloroplast sus-
